Because of its pleasant aroma and beneficial impact on health, spirit and moods, rose oil attracted the attention of humans even in ancient times and is therefore widely used in the fine perfumery, cosmetic, food and pharmaceutical industries. From millennia, rose oil has been used in the treatment of inflammatory diseases of the eyes, ears, throat, mouth, lungs, dysentery, erysipelas and infected wounds [1] . For its part, the chemical composition of the oil is influenced by the origin of the plant, the climate conditions and the technology used for oil production [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The antimicrobial activity of essential oils in general and in particular of rose oils, depends mainly on their chemical composition. Four species belonging to the genus Rosa -R. x damascena Mill., R. gallica L., R. x alba L. and R. x centifolia L., are used for the industrial production of rose oil, mainly in Bulgaria, Turkey and Morocco [1] . Currently various rose oils from Iran, China and India are also available on the international market. But the different agro-meteorological and technological conditions in these countries resulted in variable chemical compositions of these rose oils, which probably affect their antimicrobial properties. Most of the published papers were concerned with the chemical composition of rose oils [4] [5] [6] [7] [8] [9] [10] [11] . Nevertheless, several reports were dedicated to the antimicrobial action of rose oil obtained from R. x damascena Mill. [3, 4, 12, 13] , but it was almost impossible to compare the results from various research groups, as they applied different conditions for oil production, GC and GC/MS analysis and used Primary objective of the present study was to compare the chemical composition and the antimicrobial properties of rose oils from various geographic origins (Bulgaria, Turkey, Morocco, Iran and China), applying the same conditions for GC and GC/MS analysis, equal test microorganisms and the same antimicrobial testing procedures.
In this study more than 50 components were detected in the various essential rose oils, using GC/FID-and GC/MS-analyses. 13 components were listed, representing more than 91% of the total oil content ( As to be seen in Table 1 , the studied rose oils showed equal qualitative, but different quantitative compositions. Citronellol, geraniol and nonadecane could be identified as the major constituents in all rose oils. Citronellol showed the highest concentrations in all oils, followed by geraniol and nonadecane in the oils from Bulgaria, Turkey, and Morocco. In contrast, we found a higher content of nonadecane followed by geraniol in the Iranian and Chinese oil. The Turkish rose oil was characterized by the highest (38.7%) and the Chinese by the lowest (31.72%) content of citronellol. These results are in accordance with other published data [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The variability in the chemical composition of the investigated rose oils is mainly due to the different climate conditions in the growing regions. Based on the literature, it is known that among the identified compounds ( Table 1 ) the oxygenated acyclic monoterpenes citronellol, geraniol, nerol, linalool, and their acetate derivatives, citronellyl acetate, geranyl acetate, as well as the phenol eugenol, possessed antimicrobial effects [14] [15] [16] . Hydrocarbons were recognized to have low or no activities [15] . The total quantity of the above listed compounds with antimicrobial action represent 67.0% of Bulgarian rose oil, 67.1% of Turkish rose oil, 62.9% of Moroccan rose oil, 56.2% of Iranian rose oil and 60.4% of Chinese rose oil.
Antimicrobial activities of rose oils were preliminary tested by disc diffusion method against series of pathogenic, provisionally pathogenic and food spoilage test microorganisms for screening of sensitive test cultures ( Table 2 ). Table 2 , all of the investigated rose oils demonstrated antimicrobial activity against the tested microorganisms, except P. aeruginosa and P. fluorescens, for which no growth inhibition could be determined. Generally, the Gram-positive bacteria seem to be more susceptible to the investigated rose oils, comparing to the Gram-negative ones. The results obtained are in accordance with data, showing that Gram-negative bacteria are more resistible to various antimicrobials [3, 14] . Differences in the inhibition zone between both investigated yeast strains were detected. C. albicans 2 was more resistible, probably because it was a clinical isolate of a patient suffering from candidiasis and who was long time treated with topical azoles.
As shown in
As to be seen in Table 2 , among the investigated rose oils, Bulgarian rose oil showed the highest antimicrobial activity, followed by Turkish, Moroccan, Chinese and Iranian rose oils. Therefore we selected Bulgarian rose oil as the most prospective antimicrobial and all of the followed experiments were only carried out with Bulgarian rose oil.
As the serial dilution method is more reliable, repeatable, and comparable it was applied for more detailed investigation of the antimicrobial action of Bulgarian rose oil and oxygenated acyclic monoterpenes citronellol, geraniol, nerol and linalool, their acetate derivatives and the phenolic compound eugenol. Nonadecane was not investigated, because it is well known that carbohydrates did not possess antimicrobial activity (Table 3 ).
As to be seen in Table 3 , Bulgarian rose oil was more active against the tested microorganisms in comparison to citronellol. But it possessed equal antimicrobial activity as geraniol, nerol, linalool and citronellyl acetate. The rose oil and geranyl acetate showed also equal antimicrobial activity against Gram-positive bacteria, but against Gram-negative bacteria and yeasts slight differences were observed. Eugenol exceeded rose oil as natural antimicrobial compound. Among the investigated compounds, citronellol possessed the weakest antimicrobial activity, which can be attributed to the absence of double bonds in its chemical structure, as it is well known that each double bond increases the antimicrobial activity [14] . The primary alcohols geraniol and nerol, and tertiary alcohol linalool, possess equal antimicrobial activity, indicating that the position of hydroxyl groups did not effect on the [14] , who hypothesized that cis-isomers are inactive, contrary to trans-isomers. But our researches are in accordance to Griffin et al. [15] who showed that geometric isomers have only a slight effect on the antimicrobial activities. The presence of hydroxyl group seems to be more important for the antimicrobial activity than its position. Citronellyl acetate demonstrated the same antimicrobial activity as geraniol, nerol and linalool we suppose that the increasing effect of hydroxyl group equals the increasing effect of acetate group. Among the tested rose oil and pure substances eugenol possessed the highest antimicrobial activity against all of the used test microorganisms, confirming that phenolic compounds are more active antimicrobials than alcohols [14] [15] [16] . Based on the results obtained we can summarize that the differences among antimicrobial activities of pure rose oil constituents are due to their chemical structures. 
Analysis of essential oils:
The oils were analyzed by GC and GC/MS. GC/FID analyses were performed on a Hewlett-Packard 5890A gas chromatograph equipped with a capillary column HP-5MS (poly-5%diphenyl-95%-dimethylsiloxane), 30 m x 0.23 mm, film thickness 0.25 µm. The injector and detector temperatures were 280 o C, while the column temperature was programmed from 50 o -260 o C at a rate of 4 o C/min and 10 min at 260 o C; carrier gas, nitrogen. GC/MS analysis was performed using Hewlett-Packard 5890 instrument. All the GC conditions and the capillary column used were as described above, but the carrier gas was He. Quantitative data were obtained from the electronic integration of the FID peak areas without the use of an internal standard. The oil constituents were identified by comparison of their mass spectra and the retention indices with those reported in literature and by computer matching with the NIST 98 and Wiley 5 libraries [17] [18] [19] , as well as, whenever possible, co-injections with authentic compounds available in the Laboratory of Essential Oils, Department "Essential Oils", UFT. 
Disc diffusion method:
Disc diffusion method was carried out as described by Sacchetti et al. [20] , in accordance with NCCLS recommendations [21] . The Petri dishes (d=90 mm), containing solidified MHA or SDA were inoculated by spreading 100 μL of bacteria or yeast inocula, respectively. Sterile paper discs Whatman 1 (d=5 mm, NCIPD, Bulgaria) were soaked with 10 μL of undiluted essential oil or pure substance and placed on the inoculated surface of Petri dishes. Petri dishes were incubated at 37 o C for 24 h and 28 o C for 48 h for bacteria and yeast tests, respectively. The growth inhibition zone diameter (IZ, mm) was measured to the nearest millimeter.
Serial broth dilution method:
Serial broth dilution method was carried out in accordance with NCCLS recommendations [22, 23] . The essential oils and pure substances were prepared in DMSO (Sigma-Aldrich Co.). A stock solution of the oil or pure substance to be tested was prepared by diluting 0.327 g in 20 mL DMSO. Stock solution was then added to culture broth, MHB for bacteria and SDB for yeasts, to reach final concentrations ranging from 8192 μg/mL to 0.031 μg/mL. Serial dilutions were inoculated with 100 μL of bacteria or yeasts inocula, prepared as listed above. The samples were then incubated at 37 o C for 24 h and 28 o C for 48 h for bacteria and yeast tests, respectively and the absorbance was read at 680
Antimicrobial activity of rose oils from Bulgaria Natural Product Communications Vol. 3 (7) 2008 1067 nm (CAMSPEC, UK). Control samples of inoculated broth without oil and without DMSO and inoculated broth with DMSO, were also incubated under the same conditions. For the broth dilution method the mean absorbance of the duplicate samples was compared with the mean absorbance of the broth samples containing DMSO without oil to give a measure of the overall reduction in growth. DMSO showed no toxicity in the concentrations used for the test microorganisms. Minimal inhibitory concentration (MIC) was defined as the lowest concentration which resulted in a reduction of > 90% in the observed absorbance. To determine minimal cidal concentration MCC, 100 μL of each dilution showing no growth was spread on MHA and SDA for bacteria and yeasts test, respectively. The inoculated Petri dishes were incubated at 37 o C for 24 h and 28 o C for 48 h for bacteria and yeast tests, respectively. The colony forming units were counted and compared to control dishes. MCC was defined as the lowest concentration that killed > 99.9% of the initial inoculum. Each experiment was performed in duplicate.
Conclusion:
The chemical composition of rose oils depends mainly on agro-meteorological and technological conditions in different growing regions. The antimicrobial activity of rose oils depends on their chemical composition, but mainly on the total content of citronellol, geraniol, nerol, linalool, citronellyl acetate, geranyl acetate, and eugenol. It is very difficult to contribute antimicrobial activity of rose oil, in particular Bulgarian rose oil to a single compound. Probably it is due to synergic effects of oxygenated acyclic monoterpenes, their acetate derivatives and phenols, but of course the beneficial effect of some minor constituents cannot be excluded.
The results obtained expand the possibilities for application of rose oil obtained from R. x damascena Mill., growing in Bulgaria not only in fine perfumery and cosmetic industry, but even as natural pharmaceutical with strong antimicrobial activity.
